An improved version of a previously validated linearized Euler equation solver is used to compute the noise generated by coannular supersonic jets. Results for a single supersonic jet are compared to the results from both a normal velocity profile and an inverted velocity profile supersonic jet.
Introduction
The full, compressible Navier-Stokes equations govern the process of sound generation and propagation to the far field. This paper is declared a work of the U.S. Government and is not subject to copyright protection in the United States.
theNavier-Stokesequationsarefiltered into large-scale components, which arecalculated directly, andsmall-scale components, which aremodeled.In a LES calculation,thenoise generatedby the small-scalecomponentsis not captured;however,it is known that the large-scale structuresaremoreefficientthanthesmallonesatradiatingnoise(e.g.,Refs.3-7). The LES approachhasbeen usedsuccessfullyto predict the noise radiated by a supersonicjet, but it is still a CPU-intensiveapproach,especiallyfor three-dimensional calculationsof far-field noise. However,this limitation maybe bypassed by usingeithera LinearizedEulerEquation(LEE) solver 8or a Kirchhoff method 9-12 to calculatethefar-field noiseradiation.
The present work is concernedwith exploring the use of the less computationally demandingLEE solverfor supersonic jet noisepredictions. 
Governinq Equations
Starting from the full Navier-Stokes equations in conservative form, neglecting viscosity, linearizing about a given mean flow
and separating the azimuthal modes, the linearized Euler equations may be written in cylindrical coordinates as:
where n is the azimuthal mode and:
and
Here Velocity profiles for these three cases are given in Figure  1 , and the velocity magnitude along the radial center of each jet are given in Figure 2 .
Numerical Algorithm
The (_k+l = (_)k + At 
Computational Grid
The grid used for these cases was 341 (radial) x 461 (axial) points.
In the radial direction, the minimum spacing was ArID = 0.01 at the centerline, smoothly stretching to 0.13 at riD = 16. In the axial direction, the minimum spacing was Az/D = 0.04 at the z = 0 boundary, smoothly stretching to 0.13 at the z/D = 35 boundary.
The maximum spacing corresponds to 10 points per wavelength, which is well within the accuracy range of this code. All three cases used the same computational grid. A Courant number of 1.25 was used for these computations. 
Boundary Conditions

Inflow
Bggndary Conditions
At the inflow boundary (z/D = 0), the radial boundary is split into hydrodynamic disturbance and radiation regimes, which are treated differently as outlined below.
Inflow Disturbance
At the hydrodynamic inflow boundary (r/D < 2), a small random disturbance is introduced.
In space, the disturbance has the form of a 3rd order polynomial in order to obtain smooth derivatives in all directions, with a semi-random time component:
where
A random number generator is used to determine the phase of each component of each mode and frequency. In this preliminary work, a Strouhal number of 0.2 was used. This Strouhal number was set using the conditions at the exit plane of the reference jet for compatibility.
To introduce the input disturbance into the flow field, the time derivatives of the disturbance are added to the computed flow variables at each time step: 
The five characteristic equations are then solved together to obtain the time derivatives of the variables at the inflow boundary. For a supersonic inflow, all characteristics are incoming, and all are set to zero. In order to prevent spurious oscillations, the amplitude of the outgoing characteristic was smoothly reduced to zero near the sonic line.
Due to the specified disturbance at the hydrodynamic inflow boundary, the Thompson inflow boundary condition exhibited a problem in which some disturbances were convected in a radial direction and remained on the boundary for the rest of the computation. To alleviate this, the mean radial velocity was set to zero on the inflow boundary, and smoothly raised to the proper value by z/D = 0.7.
Radiatign Regime
In the radiation regime (r/D > 2), the conventional acoustic radiation boundary condition applies:
where:
and M is the local Mach number. For the outflow boundaryat large radiusanda local Mach numberof lessthan0.01, the outflow conditionis replacedby theradiationconditiondescribedabove.
It mustbe notedthattheTamandWebboutflow boundaryconditionis formulatedwith an assumptionthatthe meanflow is uniform, which is not true for the jet outflow boundary.
However, the resultsgiven by this boundarycondition are quite good, with very little reflection.
OLILcr Radial Boundary Condition
At the outer radial boundary (r = rmax, 0 < z < Zmax), the radiation boundary condition described above is used.
Centerline Treatment
In this code, the centerline boundary is represented with a point at the centerline, and a ghost point reflected across the centerline in the radial direction. 
Conclusions
